During Leg 58, part of the DSDP program of drilling on active ocean margins, five sites were drilled in the north part of the Philippine Sea -three in the central part of the Shikoku Basin, and two to the southwest, in the Daito Ridge and Basin province.
Introduction
Three sites (442, 443, 444) were drilled in the Shikoku Basin in the north Philippine Sea (Figure 1 ).
Primary objectives of drilling in the Shikoku Basin were to study the geological history and to test the validity of sea-floor-spreading models. The paleontological objectives were to determine basement ages, which might in turn indicate the age and kind of spreading; to infer paleocirculation and paleoenvironment; and, where possible, to establish biostratigraphic zonation (Table 1) .
The time scale used in the foraminifer biostratigraphy is adapted from Berggren and Van Couvering (1974) , Saito (1977) , van Andel et al. (1975) , and Hardenbol and Berggren (1978) . The preliminary Neogene and Paleogene planktonic-foraminifer zonations include those established by Bolli (1957 Bolli ( , 1970 , Banner and Blow (1965) , Blow (1969) , Jenkins (1966 Jenkins ( , 1967 Jenkins ( , 1971 , Brönnimann and Resig (1971) , Postuma (1971) , Jenkins and Orr (1972) , Kennett (1973 Kennett ( , 1975 , Vincent (1975) , Stainforth et al. (1975), and Saito (1977) .
Site 442
The summary of Holes 442, 442A, and 442B is based on all samples collected aboard ship. Foraminifers were rare and at best only moderately well preserved, indicating proximity of the depositional surface to the CCD. In no case were more than a few specimens (20) (21) (22) (23) (24) (25) (26) found on a tray; therefore, it is meaningless to establish relative abundances. A detailed tabulation of foraminifers recovered at Site 442, is found in Appendix 1.
Sediments drilled in the Shikoku Basin span the Holocene through the middle or early Miocene. Foraminifer recovery was disappointing, but this was expected. As mentioned previously, the basin is now below the CCD, and it was anticipated that this situation might well prove to have been the case in the geological past. However, in a few instances rare key planktonic foraminifers were recognized that indicated ages in general agreement with the nannofossil and radiolarian determinations (Okada, this volume; Sloan, this volume) . For example, in Core 442B-2, the few fragmented and partially dissolved forms related to the Sphaeroidinella group might be significant. At first it was believed that these forms were S. subdehiscens with the cortex removed by dissolution. However, under higher magnification it appears that they are more closely related to Prosphaeroidinella Ujiie, 1976 . In establishing the new genus Prosphaeroidinella (type species P. disjuncta), Ujiie indicated that this species is "bilamellar"; as new chambers are added, secondary thickening of the wall is due to outward growth of calcite crystals and a smooth outer (surface) cortex layer is not formed. Prosphaeroidinella is considered the direct ancestor of Sphaeroidinellopsis and has a geologic range of 18 to 13 Ma.
It is of interest that Cores 442A-13 through 442A-20 are barren of foraminifers. Nannofossils are also absent from this section suggesting that the depositional surface was well below the CCD during this interval.
However, in Core 442A-21 there is an occurrence of completely replaced casts of (benthic?) foraminifers. These become common to abundant in Cores 442A-22 through 442A-24, and few to rare in Cores 442A-25 through 442A-28. Nannofossils reappear in Section 442A-26-2. The replacement mineral, as determined by X-ray diffraction and atomic absorption, is rhodochrosite (MnCO 3 ) (Echols et al., this volume) . If these foraminifers were replaced in situ, one might assume that deposition was somewhat above the CCD at that time.
Site 443
At this site one hole was drilled, which penetrated 457 meters of sediment (Holocene through middle Miocene) before basalt was encountered. All of the samples allot- N.23 N.22 N.21 N.19 N.18 N.17 N.16 N.15 N.14 N.13 N.12 N.ll N.10 N.9 N.8 N.7 N.6 Age of Base (m.y. ted to the foraminifer study were processed for this report. The foraminifers were sparse, and the preservation poor. Occurrences are tabulated in Appendix 2. From Appendix 2, it is apparent that the foraminifer assemblages are poor. All samples are fragmented and show dissolution. Deposition must have taken place very close to and below the foraminifer solution depth.
Core 443-12 may be close to the Pleistocene/Pliocene boundary (approximately 1.6 m.y.). Cores 443-14 through 443-47 are essentially barren. In Core 443-48, a sparse and poorly preserved assemblage may indicate correlation with Cores 442B-2 and 444A-23. There is no evidence of the replaced casts seen at Site 442.
Site 444
Quaternary through middle or early Miocene sediments were cored in Holes 444 and 444A. Recognizable planktonic foraminifers recovered from the Pleistocene were rare and poorly preserved. As at Sites 442 and 443, planktonic foraminifers were absent through most of the Pliocene and Miocene.
A deep-water, agglutinated benthic fauna, not seen at the previous sites, was recovered from Cores 444-9 and 444-10. Deposition must have been below the calcareous-foraminifer solution depth.
Hole 444A was washed down to 82 meters, and coring began at that depth. A few tiny Globigerina and Globigerinita were recovered from the first core. Cores 444A-2 through 444A-22 were barren of planktonic foraminifers, with a meager and spotty distribution of benthic forms. However, in smear slides and in the fraction of material which passed through the 63-µ screen, many juveniles and "microforaminifers" were observed in scattered samples.
Forms classified as juveniles are those tiny benthic or planktonic forms that have no more than a proloculus and a few chambers, whereas the "microforaminifers," although minute, are sufficiently well developed to bear adult characteristics and may be identified to genus. It has been suggested that the latter forms may represent one of the successive megalospheric generations (Echols and Schaeffer, 1960) . If so, preservation of these forms may prove to be of environmental significance.
In Core 444A-23, a meager planktonic and deepwater benthic fauna occurs in a dark-reddish pelagic clay. The fauna is silicified, but the planktonic forms are so fragile and crushed that few whole specimens were recovered. Identification is therefore questionable, but the sample does seem to be correlative with 443-48, CC and similar to the sample from Section 442B-2-1. If the planktonic forms found in these three samples belong to Prosphaeroidinella Ujiie, 1976, a direct ancestor to Sphaeroidinellopsis, an age of late early to early middle Miocene (14-15 m.y.) is possible.
The studied samples and recovered foraminifers are tabulated in Appendix 3.
Summary
Foraminifers in samples of sediment recovered from the Shikoku Basin are rare and poorly preserved. For the three sites drilled, the only assemblages that could be identified with any degree of confidence were in the Pleistocene (N.23, N.22) , and even here the fauna is meager and shows much dissolution. Only the most heavily calcified, robust planktonic forms have survived solution. The samples are therefore biased and not truly representative. No age-determinate forms were encountered from the Pliocene to the middle Miocene. At 14 to 15 m.y. a tentative correlation of the three sites and a very speculative date is suggested. This correlation is, of course, questionable because at all three sites the faunas on which it is based are poorly preserved and distorted.
At Site 442, the barren sequence through the Miocene is interrupted by the occurrence of replaced casts of what appear to be foraminifers. This must be a local phenomenon, because they were not observed in correlative sediments at the other sites. Their presence is not easily explained if at the time of deposition the area was below the CCD, which has been concluded because of the total absence of calcareous foraminifers and nannofossils.
The benthic fauna, although also sporadic, indicates deep water. Marked reworking and displaced shallowwater assemblages were not seen at the sites in this basin.
DAITO RIDGE AND BASIN PROVINCE

Introduction
The Daito Ridge and Basin province is in the northwest Philippine Sea, west of the Kyushu-Palau Ridge and east of the Ryukyu Trench. Two sites, 445 and 446 (Figure 1 ), were drilled in this area. This province has a complex topography of deeper-water basins and shallower ridges, which, according to Mizuno et al. (1975) , Karig (1975, and Shiki et al. (1974) , are remnant arcs.
East of the Daito Ridge, Site 445 was drilled in a small, shallow, elongate basin, bordered by ridges with relative heights of 1,000 to 2,000 meters. Site 446 was drilled in a deep basin imediately south of the Daito Ridge and north of the Oki-Daito Ridge.
The paleontological objectives at these two sites were (1) to determine the subsidence history of the Daito Ridge and the Daito Basin, (2) to establish the biostratigraphic framework of the region, and (3) to determine the age of the oldest sediment and of basement, if reached. From paleontological, paleomagnetic, and sedimentological studies, climatic changes, due perhaps to northward plate drift over the past 47 m.y., should be detected. The paleocirculation of the Kuroshio Current should also be revealed by these studies.
Site 445
Sediments of Quaternary to middle-Eocene age were recovered at this site. The hole was drilled in a water depth of 3377 meters, which is well above the present CCD. From the abundance and preservation of the calcareous microfossils, especially the nannofossils, this seems to have been the situation throughout the time represented by the penetrated section.
The foraminifer sequence from Neogene (N.23) through Paleogene (P. 11 or P. 10; middle Eocene) is continuous and suitable for biostratigraphic and environmental study. However, in the short time allotted for this study, it was impossible to study the section in the detail necessary for fine biostratigraphy and absolute chronology. This report therefore presents as much information as could be gleaned from the samples that have been picked and identified.
One of the time-consuming difficulties encountered in processing samples was the induration of the Miocene through Eocene rocks. Only core-catcher samples were used for shipboard study, and even these, soaked for hours in "Quaternary O," had to be reworked on shore. For the shore-based study, all the samples were processed in a modified Campbell sample washer and disaggregated 6 to 14 hours.
A complete list of the samples processed for foraminifers, with a key to the abundance, preservation, and content of the fauna, is presented in Appendix 4. This represents a cursory examination of all samples and is subject to some error; it will of course be reevaluated as work progresses. Some of the preservation determinations may be biased as a result of the violent washing technique.
Detailed studies are now being conducted on the Pleistocene/Pliocene (with Payne) and Pliocene/Miocene (with Knapp and Lippincott) boundaries, and on the microforaminifers of the middle Miocene through Oligocene (with Ringer). It is apparent at this stage that samples at least to the middle Pliocene contain a good foraminifer fauna with good to moderately good preservation. It seems possible that we will be able to recognize significant planktonic-foraminifer events and climate fluctuations.
In general, foraminifers are abundant in the Pleistocene and Pliocene sections. In the early Pliocene, and especially from the Miocene downward, there is a marked decrease in size and diversity of the foraminifers. Although deposition is thought to have been above the CCD throughout the time represented by the sediments cored at this site, over some intervals foraminifers are rare or absent, and in some sections they are represented only by juveniles and microforaminifers. Fluctuating climate may have influenced the faunas, and it is hoped that work in progress on these samples will provide clues for interpreting environmental conditions.
It is not now possible to include a detailed range chart of species and their abundances, but a preliminary biostratigraphic zonation based on a few significant forms has been prepared ( Table 2 ). This chart shows the cores and dated intervals that could be used with some confidence. In general the zonation shows fairly good agreement with those based on nannofossils and radiolarians. Table 3 shows ranges of selected taxa which might be used for zonation in the Daito Ridge and Basin area. Many of these forms have been seen; others are suspected. This compilation is of course subject to considerable modification, but for the present it serves as a convenient frame of reference.
Turbidite deposits are characteristic of the Oligocene through Eocene sequences. In these sediments, shallowwater larger foraminifers, fragments of echinoids, mollusks, and bryozoans are common. The Miocene of Sample 445-35-2, 35-37 cm may represent turbidite reworking and deposition; this sample has a varied benthic fauna, including shallow-and deep-water forms and what appear to be late-Eocene planktonic forms.
In Cores 445-52 and 445-53, the shallow-water "larger" foraminifer Nummulites was recovered from a green fragmented sandstone turbidite. Core 445-53 also contained the very-shallow-water genera Baculogypsina (Miocene-Recent), Gypsina (Eocene-Recent), Sphaerogypsina (Eocene-Recent), Rupertina (Eocene?, Miocene-Recent), Asterocyclina (m. Eocene-u. Eocene), and Linderina (Eocene-Miocene). Eocene planktonic forms were also identified in this core.
The washed residue of Sample 445-57, CC is an ash, but it contains many planktonic foraminifers (possibly late Oligocene to early Eocene) that are encrusted with ash. The ash is not only stuck to the tests, but also seems to be embedded in the apertural and sutural areas. This of course could be a post-depositional phenomenon, but it does look as though the ash fell on the plankton while they were alive and the plankton came down in the water column with the ash. Under ordinary magnifications, specific identification is almost impossible; SEM photographs may shed some light on this.
Both megalospheric and microspheric generations of Nummulites occur in abundance in many of the Eocene cores from 445-60 downward. Thin sections of some of the recovered forms show them to be related to the species N. boninensis Hanzawa, recognized by Mizuno and Konda (1977) in dredge hauls near Daito and OkiDaito Islands. The fauna is undoubtedly reworked; however, the condition of the tests seems to indicate a short distance of transport, suggesting that Site 445 is close to the source. 
Site 446
Site 446 is in the Daito Basin immediately south of the Daito Ridge and north of the Oki-Daito Ridge (Figure 1) . Pliocene through early Eocene sediments were cored. Water depth at the site is 4952 meters, well below the present CCD. This site was below the CCD during most of the depositional history, as evidenced by the sporadic occurrence and poor preservation of the calcareous fossils, especially the foraminifers (Appendix 5).
Based on the foraminifers, the Core 446-1 at 1.5 meters below the sea floor is Pliocene. The absence of a Pleistocene calcareous fauna is attributed to deposition below the CCD. In Core 446-2 at 11 meters the planktonic forms indicate an early-Pliocene (N.18/N.19) age. Preservation is moderately good, and the diverse benthic forms suggest a deep upper bathyal environment. During this time, deposition may have been close to, but slightly above, the CCD. In Cores 446-3 and 446-4, from 11 to 30 meters, severe dissolution is obvious again. The fauna is very poor, but appears to be Miocene. Cores 446-5 to 446-14 are barren of calcareous fossils, suggesting deposition below the CCD. Section 446-14-5 contains an abundant planktonic fauna, and a fair number of deep-water benthic forms. Although preservation is only moderately good to poor, the age can be determined as Oligocene, upper P.20/N.1 Globigerina ampliapertura Zone. Section 446-15-1 contains a fauna of large, arenaceous benthic lituolids, but only a few calcareous fragments, possibly contaminants from above. From here to 446-20,CC at 182 meters, the section is barren of foraminifers. Here the first resedimented benthic Nummulites and other large, shallowwater calcareous forms were recovered from a coarsegrained, resedimented clastic sediment. In Cores 446-23 and 446-25, middle-Eocene planktonic forms occur in green sandstone and mudstone turbidites with abundant shallow-water benthic forms. In Core 446-30, the planktonic forms are early middle Eocene, and the biogenic pelagic ooze encountered in Section 446-34-4 seems to be late early Eocene. Section 446-39-2 contains a diverse fauna of displaced shallow-water larger foraminifers, such as abundant Asterocyclina, Nummulites, Sphaerogypsina, etc., much like the fauna recovered from Section 445-53-4. Sediments in Core 446-40 suggest an age of early Eocene, possibly foraminifer Zones P.8/P.7. Basalt was encountered in 446-41,CC, and interspersed sediment layers of Eocene age were encountered in Cores 446-42 and 446-43. The foraminifers in Core 446-43 are badly worn, reworked, shallow-water benthic forms.
Hole 446A was washed down to a depth of 372 meters. Core 446A-1 contains a badly worn planktonic and benthic fauna of early Eocene age. Core 446A-2 recovered basalt, and from there on down the hole sediments interlayered with basalt sills were either barren or contained severely worn and crushed tests. Core 446A-13 contains a transported, shallow-water benthic fauna of Asterocyclina, Nummulites, Amphistegina, etc., similar to that recovered from Core 446-39. The accompanying planktonic forms are of late early Eocene age (approximately 51-52 m.y.).
Summary
In the Daito Ridge and Basin province, at Site 445, Holocene middle-Eocene sediments were penetrated. At Site 446, Holes 446 and 446A were drilled from Pliocene into early middle Eocene and early middle Eocene through late early Eocene sediments, respectively. At both sites, post-Eocene sediments are pelagic, whereas Eocene sediments are resedimented clastic deposits. At Site 445, the pelagic sediments are biogenic, with interbedded pyroclastic deposits, and at Site 446 they are non-biogenic and hemipelagic clays with interbedded pyroclastic deposits. The resedimented clastic deposits in the Eocene seem to be in general coarser at Site 445 than at Site 446.
At both sites, redeposited Eocene shallow-water larger foraminifers were recovered; this fauna is in- 
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The sections examined contain an extremely rare, fragmented fauna. The core catcher contained a more representative fauna, fairly common fragments and tiny forms. 443-11-3, 84-86 443-11-5, 84-86 443-11 
Miocene(?)
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